Abstract Platelet markers [soluble CD40 ligand (sCD 40L) and soluble p selectin (sPselectin)] are associated with platelet activation and cardiovascular events. We sought to investigate the reproducibility of these markers over time and the effect of low-dose aspirin on sCD40L and sPselectin in plasma and serum. Following an overnight fast, 40 healthy volunteers had weekly phlebotomy and were administered aspirin 81 mg/day between weeks 3 and 4. Reproducibility over time was assessed by coefficient of variation (CV) and inter-class correlation coefficient. Correlation between markers was assessed using Pearson r statistic. Difference between levels pre-and postaspirin was measured with Wilcoxon signed-rank test. Data are presented as median (interquartile range). sCD40L and sPselectin measurements were reproducible over time in plasma and serum (CV \ 10 %). Measurement of sCD40L and sPselectin in plasma correlated with levels in serum before aspirin and after aspirin. There was no significant correlation between sCD40L and sPselectin. After 1-week of aspirin 81 mg/day, there was a reduction in sCD40L and sPselectin in serum and plasma, respectively. Soluble CD40L and sPselectin are independent markers that are reproducible over time in both plasma and sera and are reduced by 1-week of low-dose aspirin.
Introduction
Increased levels of soluble CD40 ligand (sCD40L) and soluble P-selectin (sPselectin) are considered biomarkers of platelet activation that have been associated with future cardiovascular events [1] [2] [3] . P-selectin, a cell surface glycoprotein stored within the alpha granules of platelets and the Weibel-Palade bodies of endothelial cells, is mobilized to the cell surface within minutes of platelet and/or endothelial cell activation and is proteolytically cleaved generating sPselectin which mediates several early processes in inflammatory cell adhesion and induces a procoagulant state [4] . CD40 ligand is a trimeric transmembrane protein in the tumor necrosis factor family, found in a variety of cell types, including endothelial cells, smooth muscle cells, monocytes and macrophages, however, it is predominantly derived from platelets. Following platelet activation, the membrane bound form is mobilized to the cell surface and undergoes cleavage generating sCD40L [3] . Both membrane bound CD40L and sCD40L interact with CD40 on vascular cells resulting in inflammatory and prothrombotic responses in vascular cells and increased expression of adhesion molecules and secretion of inflammatory cytokines in endothelial cells [5] .
Both sPselectin and sCD40L have been proposed to identify healthy individuals at increased risk for cardiovascular events suggesting that each biomarker has direct prothrombotic properties that may mediate early atherogenesis, plaque rupture, and thrombosis [6, 7] . However, the data correlating these biomarkers with future cardiovascular events is inconsistent [2] . Before incorporation of these biomarkers into routine clinical or research practices, one needs to better understand the optimal method of measurement. To better assess the potential role of these markers in identifying and evaluating cardiovascular risk, we sought to investigate the reproducibility of these markers, use of plasma or sera for measurement, and the effect of low dose aspirin on both sCD40L and sPselectin. Since both sPselectin and sCD40L have been proposed as potential biomarkers, we investigate the relationship between them.
Materials and methods

Study population
Healthy adults [18 years of age were recruited to participate via flyer announcement. Exclusion criteria for this study included age \18 years, medications known to affect platelet function, including non-steroidal anti-inflammatory drugs (including aspirin), antihistamines, and selective serotonin reuptake inhibitors during the 5 days prior to baseline phlebotomy; platelet count\100,000 or[450,000, renal failure (creatinine clearance \30 ml/min or on dialysis), history of coronary artery disease, diabetes, presence of co-existing inflammatory disease, co-existing cancer, or any known hemorrhagic diathesis. This study was approved by the New York University School of Medicine Institutional Review Board, and informed consent was obtained from each volunteer.
Study design
Baseline characteristics and medical history were obtained via direct interview, questionnaire and physical exam. Volunteers had blood collection every week for 4 consecutive weeks and took aspirin 81 mg daily for 7 days between weeks 3 and 4. Volunteers fasted overnight and refrained from intensive exercise and tobacco use for 4 h prior to an early-morning phlebotomy to avoid any circadian changes in platelet activity.
Phlebotomy
After informed consent, volunteers rested comfortably for 10 min prior to phlebotomy. Blood was collected from a clean, problem-free venipuncture, using a 19 gauge needle after a 2 cc discard (a tourniquet may have been used to obtain access-however, it was removed before blood collection). Blood was collected into 3.2 % (0.105 mol/L) sodium citrate tubes (Becton-Dickinson, Franklin Lakes, NJ, USA) for plasma and serum separator tubes (SST; Becton-Dickinson) for serum. After collection, each tube was gently inverted 3 times. After phlebotomy, blood was immediately transferred to the laboratory for processing. Complete blood count including MPV was performed using a Sysmex (Mundelein, Illinois, USA) XE-2100 hematology analyzer, and was performed within 30 min of phlebotomy.
Processing
Sodium citrate anti-coagulated blood was centrifuged within 15 min of phlebotomy at 2,500 rcf for 10 min yielding platelet free plasma. Blood in SST tubes were allowed to clot for 30 min at room temperature and then centrifuged at 2,500 rcf for 10 min yielding serum. Plasma and serum were aliquoted no more than 5 min after completion of centrifugation and stored at -80°C until time of assay.
Concentrations of sPselectin and sCD40L were determined in plasma and serum by commercially available quantitative enzyme-linked immunosorbent assay (Bender MedSystems: BMS219 & BMS293, respectively) according to manufacturer's instructions. In brief, plasma and serum for sPslectin measurements were diluted 1:10 with the sample diluent provided by kit. Plasma for sCD40L measurement was diluted 1:2 while serum was diluted 1:5. All samples were assayed in duplicate. After addition of sample or standard, in either sPselectin or sCD40L plates, 50 lL of horseradish peroxidase conjugated antibody was added to all wells and plates were incubated at room temperature for 2 h on a microplate shaker at 100 rpm. After incubation, wells were washed 3 times with approximately 400 lL of wash buffer and after all liquid was removed, 100 lL of 3,3 0 ,5,5 0 -tetramethylbenzidine solution was added to each well for color development. Plates were incubated in the dark at room temperature for 30 min. When color development was complete, 100 lL of stop solution was added to each well and the plate was read within 15 min on a spectro-photometer using 450 nm as the primary wavelength. Mean optical densities were converted to concentrations using the standard curve run for each individual plate and multiplied by their corresponding dilution factors.
Statistical analyses
Reproducibility over time of levels of sPselectin and sCD40L was assessed by coefficient of variation (CV) and intraclass correlation coefficient (ICC) using a two way mixed effect model. The difference between levels pre-and post-aspirin was measured by Wilcoxin signed-rank test. Correlation of sPselectin and sCD40L in plasma versus serum was assessed using Pearson r statistic. Correlation of sPselectin and sCD40L with mean platelet volume (MPV) and platelet count was performed using the Pearson r statistic. Statistical analyses were performed using GraphPad Prism, Version 4 (La Jolla, USA). Statistical significance was defined as a two-sided p value \0.05. Data is expressed as median (interquartile range).
Results
Baseline characteristics of our study population are described in Table 1 .
Soluble CD40L measurements were reproducible over time in plasma [week 1: 0.72 ng/mL (0.35-1.63), week 2: 0.73 ng/mL (0.36-1.69), week 3: 0.67 ng/mL (0.34-1.7)]. The CV of sCD40L in plasma was 9.6 % and the ICC was 0.96. When measured in serum, levels of sCD40L were higher than in plasma, yet, levels remained reproducible overtime [week 1: 2.43 ng/mL (2.11-2.99), week 2: 2.27 ng/mL (1.8-2.98), week 3: 2.44 ng/mL (1.75-3.04)]. The CV in serum was 8 % and the ICC was 0.99. One week of low-dose aspirin reduced levels of sCD40L in both plasma and serum (Fig. 1a) . Measurement of sCD40L in plasma correlated with levels in serum before aspirin (week 1: r = .877 and p \ 0.0001, week 2: r = .852 and p \ 0.0001, week 3: r = 0.812 and p \ 0.0001) and after aspirin (week 4: r = 0.87, p \ 0.0001). The correlation in plasma and serum measurements before and after aspirin suggests that aspirin does not act differentially on sCD40L in plasma versus sera. No difference in baseline demographics (age, sex, race/ethnicity) was found among quartiles of sCD40L in plasma or serum (data not shown). Soluble CD40L did not correlate with platelet count in plasma before aspirin (weeks 1-3: r = 0.195, p = 0.248) or after aspirin (week 4: r = 0.189, p = 0.261), nor did it correlate in sera before aspirin (weeks 1-3: r = 0.179, p = 0.268) or after aspirin (r = 0.159, p = 0.329). Since mean platelet volume is associated with platelet activity and incident cardiovascular events [8, 9] , we investigated the association between MPV and sCD40L. There was no significant association between sCD40L and MPV in plasma before aspirin (weeks 1-3: r = -0.174, p = 0.304) or after aspirin (week 4: r = -0.211, p = 0.210), nor in serum before aspirin (weeks 1-3: r = -0.169, p = 0.295) or after aspirin (week 4: r = -0.1698, p = 0.295).
Soluble P-selectin measurements were reproducible over time in plasma [week 1: 58.9 ng/mL (46.2-70.8), week 2: 55.6 ng/mL (45.4-68.6), week 3: 52.6 ng/mL (43.8-62.8)]. The CV of sPselectin in plasma was 9.4 % and ICC was 0.92. When measured in serum, levels of sPselectin were higher than in plasma, yet, levels remained reproducible over time [week 1: 116 ng/mL (94.6-145.5), week 2: 113.6 ng/mL (90.7-149.6), week 3: 111.9 ng/mL (94.1-148.8)]. The CV in serum was 6 % and ICC was 0.98. One week of low dose Asprin reduced levels of sPselectin in both plasma and serum (Fig. 1b) . Levels of sPselectin in plasma correlate with levels in serum before aspirin (week 1: r = 0.660 and p \ 0.0001, week 2: r = 0.583 and p = 0.0001, week 3: r = 0.7258 and p \ 0.0001) and after aspirin (r = 0.54, p = 0.0004). The correlation in measurements before and after aspirin suggests that aspirin does not act differentially on sCD40L in plasma versus sera. No difference in baseline demographics (age, sex, race/ethnicity) was found among quartiles of sPselectin in plasma or serum (data not shown). Soluble p-selectin did not correlate with platelet count in plasma before aspirin (weeks 1-3: r = 0.054, p = 0.743) or after aspirin (week 4: r = 0.089, p = 0.591), nor did it correlate in sera before aspirin (weeks 1-3: r = 0.143, p = 0.376) or after aspirin (r = 0.192, p = 0.230). Soluble P-selectin levels also did not correlate with MPV in plasma before aspirin (weeks 1-3: r = 0.025, p = 0.879) or after aspirin (week 4: r = 0.061, p = 0.710), nor in serum before aspirin (weeks 1-3: r = 0.124, p = 0.447) or after aspirin (week 4: r = 0.169, p = 0.296).
Since sCD40L and sPselectin are both considered biomarkers of platelet activity, we investigated the relationship between them. There was no significant correlation between sCD40L and sPselectin before (r = -0.06, p = 0.704; r = 0.03, p = 0.853) or after aspirin (r = -0.096, p = 0.573; r = 0.11, p = 0.482) in plasma or in sera, respectively. This data suggests that that circulating 
Discussion
Our results demonstrate that, with a standardized protocol, sPselectin and sCD40L levels are reproducible over time in both plasma and sera, respectively (Supplementary Figure) . Importantly, both sPselectin and sCD40L are decreased by 1-week of low aspirin 81 mg per day and thus careful attention to antiplatelet therapy is crucial for proper interpretation. This study suggests that with a standardized phlebotomy, strict laboratory protocol, and with careful attention to use of concomitant medications, there is reproducibility to the assessment of both sPselectin and sCD40L. Importantly, this study is unable to comment on the clinical usefulness of these assays. In routine clinical laboratory practice, different protocols are used for blood collection and processing. Variation exists in phlebotomy techniques, type of sample collection (anticoagulation used, plasma/sera, etc.), time of day for the collection, time between collection and centrifugation, centrifugation speed, time to freezing, freezing temperatures, thawing/freezing cycles, and assay performance. Previous studies have reported that many of these preanalytical conditions affect the results of platelet activity and other markers of coagulation [10] [11] [12] [13] As noted previously [10, 14, 15] , the plasma values were markedly lower than serum values for both markers. This is the first demonstration that both sCD40L and sPselectin from plasma and serum are reproducible over time. Consistent with prior publications [16, 17] , aspirin decreases levels of these markers. Our study reinforces that even 1-week of lowdose aspirin is effective at decreasing both sCD40L and sPselectin in both plasma and sera, respectively. The present study suggests that with a standardized protocol, measurement of sPselectin and sCD40L in both plasma and sera is reproducible over time.
There did not appear to be any meaningful correlation between sPselectin and sCd40L, suggesting unique characteristics of each marker, such as cell origin and differences in proteolytic mechanisms [18, 19] . Understanding the association between each of these markers and other markers of platelet activity and/or other markers of cardiovascular risk are needed. Future studies should address whether sPselectin and/or sCD40L are associated with future cardiovascular events in carefully performed studies.
There are several important limitations that need to be kept in mind when interpreting the results of our study. This study was not designed to address long-term followup or associations with clinical endpoints but does provide insight into future study designs utilizing both sCD40L and sPselectin. While this study evaluated two platelet markers in plasma and sera, there are other methods of measuring platelet activity that were not chosen for this study. The effect of a longer duration of aspirin or other more potent anti-platelet medications was not evaluated.
In conclusion, the current data suggests that both sCD40L and sPselectin is reproducible over time in both plasma and sera with a standardized protocol. The significant effect of a short-term course of low-dose aspirin on both of these markers underscores the importance of antiplatelet therapy when interpreting the results of these biomarkers. For the proper interpretation of results in clinical and research laboratories, one must be aware of the limitations and methodology of these biomarkers.
